Background: Promoted by reports of decreased donor-site morbidity, deep inferior epigastric perforator (DIEP) flaps have gained significant popularity. Increasing body mass index is associated with poor outcomes in breast reconstruction using traditional techniques. The authors aimed to define complications with increasing body mass index among patients undergoing DIEP flap breast reconstruction. Methods: A retrospective analysis of 639 DIEP flaps in 418 patients was performed. Patients were stratified into five groups based on body mass index. Data regarding medical comorbidities, adjuvant therapies, timing of reconstruction, active tobacco use, and surgical history were collected. Primary outcomes were compared among groups. Results: The average body mass index for the entire population was 28.3 (range, 17 to 42). Increasing body mass index was associated with increased incidence of hypertension, previous abdominal operations, and length of follow-up. Flap complications stratified by group demonstrated significantly increased delayed wound healing complications in severely obese patients compared with lower body mass index groups. Donor-site complications stratified by body mass index demonstrated significantly increased delayed wound healing and overall complications among morbidly obese patients compared with other groups. Incidence of abdominal wall bulging and hernia formation was not significantly different among groups. Conclusions: Increasing body mass index predisposes patients to delayed wound healing complications in both flap and donor-site locations. Nevertheless, overall flap complications remain similar across all body mass index groups. Abdominal wall stability was maintained. Given a similar flap complication profile and maintenance of abdominal stability, DIEP flaps are recommended in patients with increased body mass index. (Plast. Reconstr. Surg. 130: 21e, 2012.) CLINICAL QUESTION/LEVEL OF EVDENCE: Risk, II.
A utologous breast reconstruction has evolved considerably throughout the years. Since the original description of pedicled transverse rectus abdominis musculocutaneous (TRAM) flaps, 1 abdomen-based breast reconstruction has been able to achieve reproducible and increasingly reliable aesthetic results. However, with sacrifice of the underlying rectus muscle and fascia, abdominal wall laxity and hernia formation were quickly identified as limitations of pedicled TRAM flaps. 2, 3 Consequently, because of significant donor-site morbidity, pedicled TRAM flaps are considered relatively contraindicated in high-risk populations, such as patients with obesity.
In an attempt to decrease donor-site morbidity, free TRAM flaps were developed, 7 enabling limited fascial and rectus muscle resection. Previous studies 8 -10 comparing pedicled versus free TRAM flaps have verified improved abdominal wall stability with limited muscle and fascial resection. Free TRAM flaps have nonetheless been unable to overcome the inherent predisposition for abdominal wall instability associated with obesity. 11 With elimination of fascial and rectus muscle harvest, deep inferior epigastric perforator (DIEP) flaps promise improved abdominal wall stability. Previous studies [12] [13] [14] [15] [16] have documented improved abdominal wall stability among patients following DIEP flap breast reconstruction compared with free TRAM flaps. In contrast, because of the delicate dissection required for DIEP flap elevation, concerns have been raised regarding DIEP flap reliability. 9, 13, 17 Furthermore, previous studies 11, 18 have identified obesity as an important factor decreasing flap reliability following free and pedicled TRAM flap surgery. Ultimately, the effects of obesity on flap and donor-site morbidity following DIEP flap breast reconstruction remain ill-defined. The purpose of the study is to determine the incidence of flap and donor-site morbidity following DIEP flap breast reconstruction as a function of body mass index.
PATIENTS AND METHODS
A retrospective chart review was conducted after institutional review board approval among consecutive patients who underwent DIEP flap breast reconstruction from January of 2006 to March of 2008. Patients were routinely offered DIEP flaps based on standard selection criteria used for free TRAM flaps regardless of body mass index.
Six hundred thirty-nine DIEP flaps were performed on 418 patients by a single group practice (Plastic Reconstructive and Microsurgical Associates of South Texas). Data regarding patient demographics, medical comorbidities, active tobacco use, oncologic history, and adjuvant therapy were collected preoperatively. Active tobacco use was defined as use of tobacco products within 6 weeks of reconstruction. The number of previous abdominal operations, open and/or laparoscopic, was recorded.
Preoperative body mass index was used to stratify patients into five groups: normal weight (Յ24.9), overweight (25 to 29.9), obese (30 to 34.9), severely obese (35 to 39.9), and morbidly obese (Ն40). DIEP flap reconstruction was performed by two board-certified plastic surgeons with extensive microsurgical experience working simultaneously. Breast mounds were reconstructed routinely with abdominal flap Hartrampf zones 1 and 3. Arterial and venous anastomoses were hand-sewn to internal mammary vessels using standard microsurgical technique. Intraoperative variables including number of perforators used, ischemia time, and overall reconstruction time were recorded. Fascial closure was performed primarily in two layers. Figure- of-eight interrupted sutures are placed followed by a simple running suture using 0 polypropylene for both layers. Mesh was not used prophylactically to reinforce the fascial closure regardless of preoperative body mass index. Length of hospital stay and time of follow-up (in days) were recorded.
Primary outcomes were defined as postoperative donor-site morbidity and flap complications. For both flap and donor-site soft-tissue infections, further stratification into mild, moderate, and severe infections was performed to better define the degree of infectious complications. Mild infections were defined as clinically significant erythema, warmth, and induration requiring outpatient antibiotics. Moderate infections were defined as infections requiring débridement and wound packing in an ambulatory setting or use of parenteral antibiotics. Severe infections were defined as those requiring formal operative débride-ment. Similarly, for both flap and donor sites, delayed wound healing was further stratified into mild, moderate, and severe. Mild delayed wound healing was defined as minor wound dehiscence requiring local therapies, including wound packing. Moderate delayed wound healing was defined as wound dehiscence requiring vacuum-assisted closure therapy. Severe delayed wound healing complications were defined as extensive wound dehiscence requiring operative intervention. Recorded variables and incidence of primary outcomes were compared between body mass index groups and analyzed for statistical differences.
Associations involving categorical variables were assessed using Pearson's chi-square test or Fisher's exact test, as appropriate. The KruskalWallis test was used to assess associations involving continuously distributed variables. Patients having bilateral reconstruction could contribute to more than one complication outcome category if present. Therefore, associations involving flap complications were assessed using a logistic regression model with binary response that accounted for correlation introduced by bilateral reconstructions. Logistic regression with forward selection was used to assess associations between potentially important covariates and the most prevalent complication outcomes observed. All statistical comparisons were performed using a significance level of 5 percent and SAS 9.2 (SAS Institute, Inc., Cary, N.C.).
RESULTS
The mean age of the patients in the study population was 50.4 years (range, 27 to 74 years). Mean body mass index was 28.3 (range, 17 to 42). Hypertension (25.8 percent) and cardiac disease (6.6 percent) were the most common medical comorbidities overall. With the exception of migraine headaches (17.7 percent), the incidence of other reported medical comorbidities was approximately 5 percent or less. Recent use of tobacco products was present in 8.1 percent ( Table 2 ).
The mean time required for unilateral reconstructions was 253.3 minutes (4.2 hours), whereas bilateral reconstructions required 413.8 minutes (6.9 hours). Mean flap ischemia time for reconstructed right and left breasts was 23.6 and 22.7 minutes, respectively. The mean number of perforators used for right and left breast flaps were 2 and 1.9, respectively (Table 3) .
Overall, DIEP flap soft-tissue infections were seen in 33 cases (5.4 percent), with 16 (2.6 percent) classified as mild and 15 (2.5 percent) classified as moderate. Severe soft-tissue infections were seen in only two cases (0.3 percent). Delayed flap wound healing was seen in 38 cases (6.2 percent), with 36 (5.9 percent) classified as mild. Fat necrosis was clinically evident in 63 cases (10.4 percent), whereas seromas were seen in only five cases (0.8 percent). Acute and subacute hematomas were seen in 12 (1.9 percent) and 13 cases (2.1 percent), respectively. Acute vessel thrombosis was recognized and perfusion reestablished in four cases (0.6 percent), with complete flap failure in six cases (1.0 percent). Overall, 152 flap complications (23.8 percent) were reported (Table 4) .
Donor-site soft-tissue infections were documented in 30 patients (7.2 percent) overall, with 19 (4.5 percent) of these classified as mild and nine (2.2 percent) classified as moderate. Delayed donor-site wound healing was seen in 70 patients (16.7 percent), with 59 (14.1 percent) classified as mild. Seroma formation was reported in 27 cases (6.5 percent). No hematomas, acute or subacute, were encountered at donor sites postoperatively. During an average follow-up period of 1088 days (range, 720 to 1528 days), abdominal bulging was seen in one patient (0.2 percent), and six patients (Table 5) .
Stratified by body mass index, five groups of patients were identified (Table 6 ). When compared across all body mass index groups, the prevalence of hypertension was significantly (p Ͻ 0.001) different between body mass index groups. Groups with a higher body mass index had a significantly higher prevalence of hypertension than lower body mass index groups (Fig. 1) . Although a trend was observed with a higher prevalence of diabetes in higher body mass index groups, no significant differences were observed between body mass index groups regarding other recorded medical comorbidities or recent tobacco use (Table 7). The number of total previous abdominal operations was significantly (p Ͻ 0.03) lower in normal weight patients compared with other body mass index groups. Morbidly obese patients reported significantly (p Ͻ 0.04) more previous open abdominal operations compared with normal and overweight patients (Fig. 2) . Length of follow-up was significantly (p Ͻ 0.03) different between body mass index groups, with normal weight (1137 days) and morbidly obese (1250 days) patients having the longest mean follow-up period (Fig. 3) . No significant differences were observed between body mass index groups regarding age, laterality or timing of reconstruction, history of adjuvant therapy, or cancer recurrence (Tables 8 and 9 ).
Mean operative times were significantly (p Ͻ 0.03) different between body mass index groups undergoing unilateral reconstructions, with the severely obese group (286 minutes) requiring significantly (p Ͻ 0.05) longer operative times compared with normal weight (240 minutes) and obese (252 minutes) groups (Fig. 4) . Mean operative times were similar among all body mass index groups undergoing bilateral reconstructions. Mean ischemia times for left breast reconstructions were similar between all body mass index groups. Mean ischemia time for right breast reconstructions were significantly (p Յ 0.02) increased among severely obese patients (27.1 minutes) compared with lower body mass index groups (Fig. 5) . The number of perforators used during flap elevation was similar between all body mass index groups for both right and left reconstructions (Table 10) .
Flap complication analysis demonstrated significantly (p Ͻ 0.002) different rates of delayed wound healing between body mass index groups. Severely obese patients had a significantly (p Յ 0.05) higher rate (20.6 percent) of delayed wound healing compared with lower body mass index groups (Fig. 6 ). The incidence of overall and other individual flap complications, including flap failure, were not significantly different between groups despite increasing body mass index (Table 11) .
Donor-site complication analysis demonstrated significantly different rates of delayed wound heal- Plastic and Reconstructive Surgery • July 2012 24e ing (p Ͻ 0.05) and overall complications (p Ͻ 0.02) between body mass index groups. The incidences of donor-site infection, acute or subacute hematomas, seroma formation, abdominal wall bulging, and hernia formation were not significantly different between groups despite increasing body mass index (Table 12) . Donor-site delayed wound healing (p Ͻ 0.03) and overall donor-site complications (p Ͻ 0.01) were significantly increased in morbidly obese patients compared with lower body mass index groups (Fig. 7) . When severity of delayed wound healing was compared across body mass index groups, morbidly obese patients experienced significantly (p Ͻ 0.049) increased moderate wound healing complications (14.3 percent) compared with lower body mass index groups. In a multivariate logistic regression model, the incidence of complications at the donor-site and/or flap locations were examined against possible independent risk factors. Increased body mass index and active tobacco use were significantly (p Յ 0.006) associated with delayed wound healing complications in both flap and donorsite locations. Increased body mass index and shorter reconstructive times were noted to be significantly (p Յ 0.002) associated with flap complications in general, or "any" flap complications (Table 13) .
DISCUSSION
In the largest reported series since that by Gill et al., 19 the current study analyzes flap and donorsite morbidity following 639 DIEP flaps on 418 patients. The study population characteristics closely reflect a growing trend of obesity in Western society 20 and daily clinical practice. In particular, approximately 40 percent of study patients had a body mass index of 30 or greater. The applicability of the current study findings are further underscored by the high incidence (68 percent) of previous abdominal surgery reported by patients. After stratification by body mass index groups, considerable homogeneity was observed in the study population regarding age, medical comorbidities, recent tobacco use, and adjuvant therapy, underscoring the independent effects of body mass index on flap and donor-site morbidity. 
Flap Complications
The current data support the safety of DIEP flaps in breast reconstruction, even in obese populations (Fig. 8) . Overall flap complications rates (23.8 percent) coincide with previous studies of free TRAM flap 11 or DIEP flap-based 19, 21, 22 reconstruction in more slender populations. Moreover, greater than 75 percent of procedures were per- formed in the immediate setting, which has previously been associated with a higher rate of complications. 23 After stratification by body mass index, overall flap complications were highest (35.3 percent) in severely obese patients but were not statistically different compared with all other body mass index groups. Previous studies analyzing the effect of obesity on TRAM flap morbidity reported flap complication rates between 39 and 56 percent 11, 18 in obese populations. Most recently, a 14.6 percent flap complication rate has been reported 24 among patients with a body mass index greater than or equal to 30 after TRAM and DIEP flap reconstruction. The flap soft-tissue infection rate was 5.4 percent overall, coinciding with historical rates be- tween 2.4 and 12.5 percent. 25, 26 Half of the reported infections were treated effectively with oral antibiotics, and only two required operative intervention. Unlike what has been reported for pedicled TRAM flaps, 18 the incidence of flap infection was not increased with increasing body mass index in the current study, resembling prior findings following free TRAM flap surgery. 11 As in previous studies, 19, 22, 23, 25 acute and subacute hematomas were uncommon (1.9 and 2.1 percent, respectively) and were unaffected by body mass index.
Delayed wound healing in the current study was attributable primarily to mastectomy skin flap necrosis, with no reported cases of partial DIEP flap loss. Thirty-eight flaps (6.2 percent) were affected by delayed wound healing at the interface with the recipient site, with 36 (5.9 percent) requiring minor débridement of native breast skin. As in previous reports following pedicled, 18 free TRAM flaps 11 and, more recently, DIEP flaps, 24 obesity was a significant factor associated with delayed wound healing at the recipient site. More (2) Volume 130, Number 1 • DIEP Flap Complications precisely, in this study, increased body mass index was associated with a higher incidence of mastectomy flap compromise. Severely obese patients experienced nearly three times the rate of delayed wound healing compared with other body mass index groups. Nonetheless, the severity of wound healing complications was not increased with increasing body mass index such that moderate and severe wound healing complications were similar across all groups. Fat necrosis and perfusion complications such as vessel thrombosis and total flap loss are strong indicators of flap reliability. Reported rates of fat necrosis following DIEP flap reconstruction are varied in the literature, ranging from 1.8 to 29 percent. 9, 13, 17, 19, 21, 22, [25] [26] [27] [28] In the current study overall, clinical fat necrosis was evident in 10.4 percent of DIEP flaps. Stratified by body mass index, rates of fat necrosis were unaffected by body habitus, as reported previously for pedicled 18 and free TRAM flaps.
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As in most successful series, 17, 19, 22 vessel thrombosis and flap loss remained an infrequent complication, with rates of 0.6 percent and 1.0 percent, respectively. Although recent reports 24 have suggested increased flap loss in higher body mass index patients, the current study did not support these findings.
Despite statistically similar overall complication rates across all body mass index groups, logistic regression analysis identified body mass index as an independent risk factor for any flap complication. Interestingly, shorter operative time was also identified as an independent risk factor for any flap complication. On close analysis, this counterintuitive finding is likely explained by the clinical observation of larger diameter perforators generally found in obese patients making dissection and flap harvest less time-consuming. Indeed, relatively shorter operative times were seen in severely obese patients undergoing bilateral breast reconstruction.
Donor-Site Complications
Because of the quantitative and qualitative heterogeneity of recorded variables in published series, overall donor-site complication rates are difficult to interpret and compare. In the current study, the overall incidence of donor-site complications was 25.8 percent. Increasing body mass index was associated with increased overall donorsite complications coinciding with similar trends observed previously among obese patients following TRAM 11, 18, 29 or DIEP flap 30 reconstruction. On close examination, however, differences in overall donor-site complications based on body mass index in the current series can be attributed to delayed wound healing, as other individual complications were similar across all body mass index groups.
Coinciding with previous series, 21, 24, 26, 27 the current study reports a 6.5 percent incidence of seroma formation. Moreover, formation of donorsite seromas were not increased despite increasing body mass index, in contrast to previous studies following either DIEP 24, 26 or TRAM flap-based 11, 18 reconstruction. Although statistical significance was not reached, a trend toward increased donor-site infection overall was observed with increasing body mass index. Similar trends were reported previously, 11, 18, 30 underscoring the inherent infectious risk associated with obesity. Analysis of the severity of infectious donorsite complications identifies most as mild, responsive to outpatient antibiotics, and similar across all body mass index groups.
In the current study, the incidence of overall donor-site delayed wound healing was increased with increasing body mass index. In fact, along with active tobacco use, increased body mass index was identified as an independent risk factor for delayed wound healing in both flap and donor-site locations. Although primarily attributed to morbidly obese patients, statistical significance was reached between body mass index groups for overall and moderate donor-site delayed wound healing complications. Severe complications, however, were seldom observed and were independent of body mass index. Of note, morbidly obese patients reported an increased number of previous open abdominal operations, which has been associated with significantly increased delayed wound healing following DIEP flap surgery. 27 Supported by the current findings and significant personal experience, we suggest that additional emphasis be placed on the risk of abdominal wound healing complications when counseling patients with a high body mass index preoperatively.
In the current study, despite a high-risk population, the incidences of abdominal bulging and hernia formation were minimal (0.2 percent and 1.4 percent, respectively) during a lengthy follow-up period (mean, 1088 days; range, 720 to 1528 days). With preservation of supporting structures, abdominal integrity was effectively maintained despite increasing body mass index, evidenced by similar rates of abdominal bulging and hernia formation between all body mass index groups.
Despite the relative success of DIEP flap breast reconstruction in obese patients reported in this study, surgeons should be cognizant of the increased risk associated with abdomen-based perforator flap surgery on obese patients. Further emphasis should be placed on specific means of risk-factor reduction along the reconstructive process. Preoperatively, maximal weight loss should be encouraged before immediate reconstruction without delaying oncologic treatments. In delayed reconstruction cases, reconstruction should be postponed until nutrition and weight loss are optimized and consistent abstinence from tobacco use is achieved. Intraoperatively, abdominal flap undermining should be minimized, with preservation of adipocutaneous perforators to the upper abdominal apron. Furthermore, if undermining of the upper abdomen is required for donor-site closure, this should be performed in discontinuous fashion to maximize blood flow to the upper abdominal apron. In addition, mastectomy skin flap viability should be evaluated critically before flap deepithelialization. Postoperatively, optimization of nutrition is continued in an attempt to encourage wound healing and expedite overall recovery.
CONCLUSIONS
Deep inferior epigastric perforator flaps represent a significant advance in the evolution of abdomen-based breast reconstruction. Potential abdominal donor-site morbidity and flap reliability play a significant role in determining reconstructive options for high-risk patients such as those with previous abdominal surgery or obesity. The current findings demonstrate excellent reliability of DIEP flaps in obese patients. In addition, by eliminating sacrifice of rectus musculature and maintaining the integrity of the overlying fascia, DIEP flaps effectively maintain abdominal wall stability even in obese populations. Consequently, DIEP flaps are safe in obese populations and in fact may be the recommended method of abdomen-based breast reconstruction in patients with a body mass index less than 40. 
